infection rates among women requiring BIUBs have never been described, and little is known about the benefit of prophylactic antibiotic protocols.
The aim of the present study was to evaluate the risk of infection, particularly endometritis, and the effectiveness of a prophylactic antibiotic protocol. It was expected to provide useful information to obstetricians who use BIUB for PPH.
Materials and Methods

Study Design
In this retrospective analysis, we reviewed data from the deliveries at Osaka University Hospital, Osaka, Japan, between January 2014 and March 2018. The study was approved by the Osaka University Ethics Committee (approval 18130, approved on August 1, 2018) . Informed consent was not required from patients because of the retrospective nature of the analysis, which was based on computerized data and anonymous selection criteria.
Patients diagnosed with PPH who had cumulative blood loss greater than or equal to 1,000 mL according to the American College of Obstetricians and Gynecologists (ACOG) definition 1 were primarily divided into BIUB and non-BIUB groups, and were further divided into vaginal delivery (VD), elective CD (el-CD), and emergency CD (em-CD) groups.
Among these, we evaluated the following clinical characteristics and outcomes: maternal age at delivery, gravidity and parity, length of pregnancy at delivery, status of Group B Streptococcus (GBS) in vaginal swab within 4 weeks of delivery, rate of premature membrane rupture, percentage using an intrauterine pressure catheter, rate of manual removal of placenta, indication for CD groups only, total blood loss during delivery, rate of blood transfusion, rate of chorioamnionitis (CAM), time from delivery to BIUB placement, blood loss from delivery to BIUB placement, BIUB volume, blood loss duration during BIUB placement, duration of BIUB placement, and additional surgical treatments used to control PPH. We defined CAM as being confirmed by histopathological analysis in this study. We excluded patients who were administered antibiotics in a manner different to our protocol, together with patients diagnosed with CAM.
Procedures
Our protocol for antibiotic prophylaxis in cases requiring BIUB is shown in ►Fig. 1. In the VD group, we administered a single dose of prophylactic antibiotics (e.g., ampicillin 2 g or cefazolin 1 g) intravenously before BIUB insertion. In the CD groups, we administered antibiotics (e.g., ampicillin 2 g or cefazolin 1 g) preoperatively once, and no additional antibiotics were administered unless intraoperative bleeding exceeded 1,500 mL. Additional antibiotics were administered according to the ACOG recommendations. 1 Therefore, we did not add any antibiotics regardless of BIUB placement in CD cases. In all groups, no additional antibiotics were given during BIUB placement unless there were signs of infection. The BIUB was placed transvaginally through the cervix in VD and CD cases and transabdominally through the cesarean uterine incision in some CD cases. Gauze was packed into the vagina to prevent prolapse of the BIUB from the uterus in all cases. If bleeding was controlled after balloon inflation, the balloon tamponade was kept in place for 12 to 24 hours.
Postpartum endometritis was defined as fever !38°C beginning >24 hours or continuing at least 24 hours after delivery plus fundal tenderness, with no other recognized cause of fever, according to the definition of the Centers for Disease Control and Prevention (CDC). 16 
Outcomes
The primary outcome was to determine the postpartum endometritis rate comparing those cased with BIUB and non-BIUB in each group. The secondary outcome was to investigate the rates of other complications, such as uterine perforation and cervical trauma, caused by BIUB placement.
Literature Review
We performed a literature review to discuss the effectiveness of prophylactic antibiotic use in women requiring a BIUB. This involved an electronic search of the PubMed (https:// www.ncbi.nlm.nih.gov/pubmed/) and Scopus (https://www. scopus.com) databases from April 1992 to August 2018 with some modification of the previous method. 17, 18 Review articles and articles in languages other than English were excluded. The search strategy included the keywords specific to Bakri balloon in each database.
The search strategy used keywords that were specific to each database and included the following terms: "Bakri balloon," "antibiotics," "PPH," "endometritis," or "infection."
The keywords were used in various combinations. All articles referring to Bakri balloons were screened, and we excluded studies that did not describe antibiotic use. A flow diagram of the literature search is presented in ►Supplementary Material S1 (available online only).
Statistical Analysis
We performed the statistical analysis using JMP Pro version 14.0.0 (SAS Institute, Cary, NC). Continuous variables were analyzed using the t-test, and categorical variables were analyzed using Chi-square test or Fisher's exact test. A p value of <0.05 indicated statistical significance.
Results
Retrospective Study of BIUB and Antibiotic Use
There were 2,144 deliveries in the study period. Total 100 cases diagnosed with CAM were excluded. We also excluded 14 patients with BIUB who received antibiotics that were not given in accordance to our protocol. As a result, among 2,144 deliveries in the study period, we identified 758 women diagnosed with PPH (!1,000 mL), of which 80 were treated with BIUB for hemostasis. There were 678 cases of PPH without BIUB and investigated as a control group. The BIUB group was further divided into 32 (40.0%), 28 (35.0%), and 20 (25.0%) patients in the VD, el-CD, and em-CD groups, respectively; the corresponding numbers in the non-BIUB group were 243 (35.8%), 235 (34.7%), and 200 (29.5%), respectively.
Patient characteristics are summarized in ►Table 1. The groups did not differ significantly in terms of baseline characteristics except for median maternal age (BIUB group: 36 vs. non-BIUB group: 35, p ¼ 0.049), median maternal body mass index (BIUB group: 24.2 vs. non-BIUB group: 24.9, p ¼ 0.0058), and frequency of placental abnormalities (BIUB group: 33.3% vs. non-BIUB group: 15.9%, p ¼ 0.0047).
The clinical outcomes of the BIUB group are shown in ►Table 2. Almost 90% of patients received prophylactic ampicillin (ABPC) (2 g) or cefazolin (1 g), while the remaining 10% received gentamicin, clindamycin , sulbactam/ABPC (SBT), or ceftriaxone. This is because the 10% were suspected of having penicillin allergy or were chosen by the clinician's preference. However, all antibiotic drugs were administered as a single dose. The uterus preservation rate was 92.5% (74/80). Median total blood loss, transfusion rate, and endometritis rate among the VD, el-CD, and em-CD groups are shown in ►Table 3. We observed no significant difference in the rate of postpartum endometritis between the BIUB and non-BIUB groups in either the VD group ( ►Supplementary Materials S2 and ►S3 (available online only) show the results of the analysis for all patients who delivered at our institution during the study period, including non-PPH patients with blood loss of 1,000 mL or less. As was the case with PPH patients, there was no significant difference in the rate of endometritis between the BIUB and non-BIUB groups.
Literature Review
As outlined in ►Supplementary Materials S1 and ►S4 (available online only), the electronic literature search revealed 152 articles, and the studies referring to prophylactic antibiotic use in BIUB placement are shown in ►Table 4 (27 articles). The prophylactic antibiotics used included cephradine (one article), cephazolin (two articles), a combination of multiple antibiotics (four articles), and broad-spectrum antibiotics (nine articles). Total 10 of the articles did not provide details about the kind of antibiotics used.
Prophylactic antibiotics were reportedly given as a single dose in one article and as multiple doses in 17 articles, but no details about dosing frequency were reported in nine articles. The dose and duration of antibiotic use also varied according to the institution. Finally, although 152 articles described the use of BIUBs, none of them investigated or discussed the use of antibiotic prophylaxis protocols.
Discussion
The key findings of our study are that a single dose of prophylactic antibiotics in VD cases, and no additional antibiotics in CD cases, for BIUB placement might be effective and sufficient to prevent postpartum endometritis related to BIUB placement. Moreover, our literature review revealed that our study is the first to evaluate the risk of endometritis in BIUB placement and multiple doses of antibiotics were administered in approximately 65% of articles during BIUB placement.
Ever since its effectiveness was confirmed, 12, 13 BIUB has been widely incorporated as a standard option for the conservative management of PPH. 1 As BIUB utilization continues to increase, obstetricians must pay greater attention to the associated risks and complications. Previous studies have reported several complications and adverse events associated with BIUB. They include uterine perforation or cervical trauma during balloon placement, failure of tamponade due to a broken balloon or inadequate inflation, uterine rupture due to excessive inflation, and infection. 18 The rates of many of these complications may be reduced by using ultrasound guidance for device insertion: the Matsubara-Nelaton's method 21, 22 and the tamponade test. 23, 24 However, it is unclear whether these procedures lower infection rates. Considering infections such as postpartum endometritis complication of BIUB, 14, 15 it is surprising that there has been little discussion of the rate of infection or the use of prophylactic antibiotics in the literature.
According to our review of the effectiveness of prophylactic antibiotics, 17 (65.4%) out of 27 publications used multiple doses of antibiotics. We found that the type, frequency, dose, and duration of antibiotics varied according to the institution, and no previous study had compared antibiotic regimens for preventing endometritis. Although we wanted to investigate the rate of endometritis according to antibiotic regimen, only 11 (40.7%) out of 27 studies mentioned the rate of endometritis and none had investigated the rate of endometritis in the BIUB and non-BIUB groups.
The World Health Organization has stated that inappropriate antibiotic use contributes to antibiotic resistance, threatening our ability to treat common infectious diseases, and resulting in prolonged illness, disability, death, and increased healthcare costs. 25 All antibiotic use should therefore be based on rigorous evidence, including the prophylactic use of antibiotics in BIUB placement. We conducted this retrospective analysis to evaluate the risk of infection and the effectiveness of the protocol we used for antibiotic prophylaxis in women treated for PPH by BIUB.
Our antibiotics protocol was not associated with excessive events of endometritis related to BIUB usage. Since only a few patients were included with a BIUB without prophylactic antibiotics at our institution, we could not compare the endometritis rate between patients who did and did not receive antibiotics. In the CD groups, we administered antibiotics preoperatively, and when blood loss exceeded 1,500 mL as part of the routine strategy to prevent surgical site infections, according to the ACOG recommendations. 26, 27 Although it is conceivable that the rate of endometritis in patients receiving BIUBs may not increase without prophylactic antibiotic use, we were at least able to show that a single-dose of prophylactic antibiotics might be effective in preventing an infection.
A major strength of the present study is that we formally evaluated both the risk of endometritis associated with BIUB placement, and the effectiveness of prophylactic antibiotic therapy. This was then supported with data from a literature review of antibiotic use for BIUB placement. Second, we found that multiple doses of antibiotics were administered in approximately 65% of articles. We believe that our data are useful for reducing the use of antibiotics without an increased rate of infection.
Our study included several limitations. One is that this was only a single-center retrospective study with small sample size; unmeasured bias may exist in the analysis. To ensure the safe and effective use of BIUBs for PPH, larger studies are needed. Second, we could not match the patient's characteristics between BIUB and non-BIUB cases well. Small sample size did not allow us to perform propensity score matching; thus, we selected the PPH cases to reduce the bias of hemorrhage. We are aware this is not an ideal method; however, we believe it is an acceptable method.
Third, we could not investigate the risk of endometritis in cases without antibiotic administration. To clearly show that our antibiotics protocol is sufficient to prevent infection, we should conduct the study as follows; comparing two study groups in which one receives antibiotics and the other does not receive antibiotics in the prospective or randomized control study. Fourth, the relationship between rate of infection and details of antibiotics (regimen and administered cycle) was not available in most previous studies making regimen-specific discussion not feasible.
In conclusion, we found no association between endometritis and the placement of a Bakri Balloon for PPH among different modes of delivery. We also conclude that antibiotic prophylaxis may be helpful in preventing this infection. However, more robust studies like randomized control trials are needed to clarify the link between the use of antibiotics as prophylaxis for procedures, such as a Bakri balloon placement and prevention of infection.
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